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Description 



NOVEL PEPTIDES HAVING cAMP PRODUCING ACTIVITY 

Technical Field 

The present invention relates to novel and useful peptides , 
genes encoding these peptides and pharmaceutical compositions 
comprising the same. More particularly, the present invention 
relates to peptides having the properties of (1) to (10); (1) 
being expressed in central nervous system, (2) strongly acting 
on calcitonin receptors, (3) promoting a cAMP productivity of 
cells, (4) incorporating sodium ion in a 

concentration-dependent manner, (5) suppressing the uptake of 
calcium ion, and (6) suppressing cell proliferation; genes 
encoding these peptides; and pharmaceutical compositions 
comprising the same. 

Background Art 

Calcitonin, a known peptide, is a peptide hormone 
comprising 32 amino acids. In mammals, it is secreted from 
C cell of thyroid gland and has a function of lowering the calcium 
level in the blood. It has been utilized as therapeutic agents 
for such as hypercalcemia and metabolic bone diseases. 
Calcitonin has been recognized as being present in peripheral 
systems such as thyroid gland but not as being present in central 
nervous system. Contrary to the above, calcitonin receptors 
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are present also in central nervous system. Such being the 
case, there has been a demand for revealing the significance 
of existence as well as the functions of calcitonin receptors 
in central nervous system. 

A calcitonin gene-related peptide (CGRP) is a peptide 
comprising 37 amino acids produced in such a manner that mRNA 
is derived from the same gene as calcitonin by a mechanism of 
alternative splicing. The calcitonin gene-related peptide 
(CGRP) has also the same function as calcitonin i.e. reducing 
the calcium concentration in blood. Moreover,, it activates 
calcium ion channels and increases the numbers of acetylcholine 
receptors, suggesting the possibility of being a 
neurotransmitter. It has been reported that the CGRP is 
localized mostly to centripetal sensory nerve and central nerve 
(Goodman, et al . , Life Sci. 38:2169-2178 (1986); Poyner, D. 
R. Pharmac. Ther . 56:23-51 (1992)), and mainly has a role to 
activate adenylyl cyclase. A wide variety of CGRP functions 
including dilating peripheral and cerebral blood vessel ( Brain, 
et al., Nature 313:54-568 (1985)), increasing heart rate 
(Sigrist, et al., Endocrinology 119 : 381-389 (1986)), adjusting 
calcium metabolism (Grunditz, et al., Endocrinology 
119:2313-2324 (1986)), leading to less intestinal movement 
(Fargeas, et al . , Peptides 6:1167-1171 (1985)), regulating 
glucose metabolism (lowering insulin secretion and insulin 
sensitivity) (Hermansen, et al., Reg. Peptides 27:149-157 
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(1990)), suppressing the appetite (Molina, et al., Diabetes 
39:260-265 (1990)) and suppressing growth hormone release 
(Tannenbaum, etal., Endocrinology, 116:2 685-2 687 (1985)) have 
been reported. 

CGRP receptors also have already been known to be located 
in cerebral, cardiovascular system, endothelial and smooth 
muscle cells. 

There also have been reported the inventions relating 
to the synthetic calcitonin receptor-binding compound 
characterized by having a molecular weight of less than about 
10,000 daltons and forming a reagent covalently linked to a 
radioactive metal chelating agent, where the reagent has a 
binding affinity to calcitonin receptor higher than the binding 
affinity of radioiodated natural calcitonin to the calcitonin 
receptor (Published Japanese translation of PCT application 
No. 2001/523,257); the calcitonin receptor activating 
substance comprising a pyridine derivatives (Unexamined Patent 
Application Publication No . 2001/294, 574); the polynucleotide 
and polypeptide of human calcitonin gene-related peptide 
receptor component factor (CGRP-RCF) (Unexamined Patent 
Application Publication No. 10/201,482), etc. 

Disclosure of the Invention 

Those peptides not having been confirmed as acting 
directly on calcitonin receptors of central nervous system, 
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there has been a demand for a peptide which acts directly and 
more strongly on calcitonin receptors in central nervous system. 

The present invention is targeting to provide novel and 
useful peptides which being expressed in central nervous system 
and act on calcitonin receptors, genes encoding these peptides 
and pharmaceutical compositions containing the same. 

The present inventors have been searching novel 
physiologically active peptides by using the productivity of 
cAMP from central nervous system as an index and consequently 
isolated and purified novel peptides believed to act on cells 
via calcitonin receptors. The sequence of such a peptide 
structure has been confirmed to be novel from the database search 
results (Genbank, swissprot, DDBJ) . The present inventors 
named the novel peptides as calcitonin receptor-stimulating 
peptides (CRSP) as they act on calcitonin receptors. 

Accordingly, the present invention relates to a peptide 
which has at least the following amino acid sequence 

Ser-Cys-Asn-Thr-Ala-Thr-Cys-Met-Thr-His- 10 
Arg-Leu-Val-Gly-Leu-Leu-Ser-Arg-Ser-Gly- 20 
Ser-Met-Val-Arg-Ser-Asn-Leu-Leu-Pro-Thr- 30 
Lys-Met-Gly-Phe-Lys-Val-Phe-Gly 38 
, or an amino acid sequence where a part of amino acids are deleted, 
substituted or added, and has the following characteristics: 
(1) being expressed in central nervous system, (2) strongly 
acting on calcitonin receptors and (3) promoting a cAMP 
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productivity of cells, more preferably, (4) incorporating 
sodium ion in a concentration-depending manner, (5) suppressing 
the uptake of calcium ion, and (6) suppressing cell 
proliferation . 

To be more specific, the present invention relates to 
the above described peptide having an amino acid sequence set 
forth in SEQ ID NO: 1, SEQ NO: 2, SEQ ID NO: 6, SEQ ID NO: 9, 
SEQ ID NO: 12, SEQ ID NO: 16 or SEQ ID NO: 19 of the Sequence 
Listing, or having an amino acid sequence where a part of amino 
acids are deleted, substituted or added, and having 75% or more 
homology to the said amino acid sequence. 

In another embodiment, the peptides of the present 
invention comprise peptides having homology to a calcitonin 
gene-related peptide (CGRP) , therefore, they may be expected 
to have the physiological activity similar to that of CGRP in 
addition to the effects of CRSP. Accordingly, in addition to 
the above (1) to (6), the peptides of the invention may also 
be expected to have the following characteristics similar to 
those of CGRP: (7) strongly acting on calcitonin-gene related 
peptide receptors, (8) inducing relaxation of blood vessels,. 
(9) promoting diuresis, and (10) altering the proliferation 
potency of vascular endothelial cells, vascular smooth muscles 
and fibroblasts. 

The present invention further relates to the genes having 
base sequences encoding the above described peptides of the 
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invention. To be more specific, the present invention relates 
to the above described genes having a base sequence set forth 
in SEQ ID NO: 3, SEQ ID NO: 7 , SEQ ID NO: 10, SEQ ID NO: 13, 
SEQ ID NO: 17 or SEQ ID NO: 20 of the Sequence Listing. 

The present invention still further relates to a 
pharmaceutical composition comprising at least one of the above 
described peptides of the invention and a pharmaceutically 
acceptable carrier. Particularly, the present invention 
relates to the above described pharmaceutical composition where 
the pharmaceutical composition is a preventive/treating agent 
for osteoporosis, a preventive/treating agent for cancer, 
diuretic agent, an appetite suppressant, an analgesic agent, 
an antihypertensive agent or a drug for prevention of restenosis 
after PTCA (percutaneous transluminal coronary angioplasty) . 

Brief Description of the Drawings 

Fig. 1 schematically shows the structure of CRSP of the 
present invention. 

Fig. 2 shows comparisons of the amino acid sequence of 
CRSP (pCRSP) of the present invention with amino acid sequences 
of pig calcitonin gene-related peptide (pCGRP-I), human 
calcitonin gene-related peptide I (hCGRP-I) , human calcitonin 
gene-related peptide II (hCGRP-II) , human amylin (hAmylin) , 
pig calcitonin (pCT) and human adrenomedullin (hAM) . 

Fig. 3 is a photograph as a drawing which shows the result 
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of Northern blot in search for expression site of CRSP of the 
present invention. An arrow in Fig. 3 shows the positions of 
CRSP mRNA. 

Fig. 4 shows the result of the investigation on a cAMP 
productivity of CRSP of the present invention using LLC-PKi 
cells. The vertical axis in Fig. 4 shows the production amount 
of cAMP (pmol/10 5 cells/30 minutes) , while the horizontal axis 
shows a reverse logarithm (-log (peptide concent rat ion (M) ) ) 
of concentration of each peptide. A closed circle (•) in Fig. 
4 shows CRSP of the present invention, an open circle (o) shows 
pig calcitonin gene-related peptide (pig CGRP) and an open 
rhombus (0) shows pig calcitonin (pig CT) . 

Fig. 5 shows the result of the incorporation test for 
sodium ion in the absence of 5- (N-ethyl-N-isopropyl ) -amiloride 
(EIPA) by CRSP of the present invention using LLC-PKi cells. 
The vertical axis in Fig. 5 shows incorporated amount (cpm) 
of each ion, while the left end of the horizontal axis shows 
control (no peptide added) and to the right thereof shows CRSP 
of each concentration. The mark *** shows that there was a 
significant difference when p < 0.001. 

Fig. 6 shows the result of the incorporation for sodium 
ion in the presence of EIPA by CRSP of the present invention 
using LLC-PKi cells. The vertical axis in Fig. 6 shows 
incorporated amount (cpm) of each ion, while the left end of 
the horizontal axis shows control (no peptide added) and to 
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the right thereof shows CRSP and EIPA of each concentration. 
The mark *** shows that there was a significant difference when 
p < 0 . 001 . 

Fig. 7 shows the result of the incorporation for calcium 
ion by CRSP of the present invention using LLC-PKi cells. The 
vertical axis in Fig. 7 shows incorporated amount (cpm) of each 
ion, while the left end of the horizontal axis shows control 
(no peptide added) and to the right thereof shows sCT (salmon 
calcitonin) and CRSP. The marks * and ** show that there were 
significant differences when p < 0 . 05 and p < 0 . 01, respectively. 

Fig. 8 shows the result of measurement of DNA amount 
synthesized as a result of cell proliferation by CRSP of the 
present invention in LLC-PKi cells. The vertical axis in Fig. 
8 shows incorporated amount of 125 I-DU (x 100 cpm/well) while 
the horizontal axis shows a reverse logarithm (-log (peptide 
concentration (M) ) of each peptide . A closed circle (•) in Fig. 

8 shows CRSP of the present invention, an open circle (o) shows 
pig calcitonin (pig CT) and an open rhombus (0) shows salmon 
calcitonin (salmon CT) . 

Fig. 9 shows the cells numbers resulting from cell 
proliferation by CRSP of the present invention in LLC-PKi cells 
measured by using a counting plate. The vertical axis in Fig. 

9 shows cells numbers (x 1,000 cells/well) , while the left end 
of the horizontal axis shows control (no CRSP added) and to 
the right thereof shows CRSP of each concentration. The mark 
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* shows that there was a significant difference when p < 0.05. 

Fig. 10 shows the result of cAMP product ivity measurement 
by CRSP stimulation of the peptide of the' present invention 
in cells (COS-7) where calcitonin receptors are expressed in 
a genetic engineering manner. The vertical axis in Fig. 10 
shows a production amount of cAMP (pmol/well/30 minutes) while 
the horizontal axis shows a reverse logarithm (-log (ligand 
concentration (M) ) of concentration of each peptide (ligand) . 
A closed circle (•) of Fig. 10 shows CRSP of the present invention 
and an open rhombus (0) shows pig calcitonin (pCT) . 

Fig. 11 shows the result of cAMP productivity measurement 
by CRSP stimulation of the peptide of the present invention 
in renal epithelial cells of opossum where pig calcitonin 
receptor (CTR) is expressed. The vertical axis in'Fig . 11 shows 
production amount of cAMP ( fmol/well/hour ) while the horizontal 
axis shows a reverse logarithm (-log (CRSP concentration (M) ) ) 
of concentration of CRSP. A closed circle (•) of Fig. 11 shows 
the case of opossum renal epithelial cells into which pig 
calcitonin receptor (CTR) is introduced and a closed square 
(■) shows the case of opossum renal epithelial cells (OK cells) . 

Fig. 12 shows the result of incorporation test of sodium 
ion by CRSP stimulation of the peptide of the present invention 
in opossum renal epithelial cells in which pig calcitonin 
receptors (CTR) are expressed. The vertical axis in Fig. 12 
shows the ratio of incorporated amounts of sodium ion (where 
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the control being 100) while the horizontal axis shows a reverse 
logarithm (-log (CRSP concentration (M) ) ) of CRSP concentration . 
A closed circle (•) of Fig. 12 shows the case where opossum 
renal epithelial cells into which pig calcitonin receptor (CTR) 
is introduced and a closed square (■) shows the case of opossum 
renal epithelial cells (OK cells) . The mark *** in Fig. 12 
shows that there was a significant difference when p < 0.001. 

Fig. 13 shows the result of measurement of changes in 
calcium concentration in blood by administration of CRSP of 
the present invention in rats. The vertical axis in Fig. 13 
shows a calcium concentration in blood (mM) while the horizontal 
axis shows time (minutes) . The mark ** in Fig. 13 shows that 
there was a significant difference when p < 0.01. 

Fig. 14 shows the result of measurement of changes in 
bloodpressure by administration of CRSP of the present invention 
in rats. The vertical axis in Fig. 14 shows blood pressure 
(mmHg) while the horizontal axis shows time (minutes) . 

Fig. 15 shows the result of measurement by 
radioimmunoassay of cAMP production amount by CRSP or CRSP-Gly 
stimulation to cells where pig calcitonin receptor (CTR) is 
introduced into mammalian expression vector pcDNA 3.1 and 
expressed in renal cells of rhesus monkey (COS-7 ) . The vertical 
axis shows production amount of cAMP (pmol/well/130 minutes) 
while the horizontal axis shows a reverse logarithm (-log (CRSP 
concentration (M) ) ) of CRSP concentration. 
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Fig. 16 shows the result of investigation of cAMP 
production-promoting activity of pig CRSP, bovine CRSP and 
canine CRSP by the peptide of the present invention using LLC-PKi 
cells. The vertical axis shows the production amount of cAMP 
(pmol/well/10 minutes ) while the horizontal axis shows a reverse 
logarithm (-log (CRSP concentration (M) ) ) of CRSP. In Fig. 
16, (■) shows pig CRSP, (•) shows bovine CRSP and ( A ) shows 
canine CRSP. 

Fig. 17 shows a nucleotide sequence of CRSP gene. The 
underlined parts show exons . Beneath the underlined parts, 
amino acid sequences coded by CRSP gene are shown. 

Fig. 18 shows the first half part (bases' of from 1 to 
384 0) of the nucleotide sequence of CRSP-2 gene. 

Fig. 19 shows the second half part (bases of from 3841 
to 7673) of the nucleotide sequence of CRSP-2 gene. The 
underlined parts show exons. Beneath the underlined parts, 
amino acid sequences coded by CRSP-2 gene are shown. 

Fig. 20 shows a cDNA nucleotide sequence of CRSP-2. In 
Fig. 20, an area enclosed by a solid line is a mature peptide 
and the part in gray color shows glycine which is presumed to 
be converted to an amide. 

Fig. 21 shows a cDNA nucleotide sequence of CRSP-3. In 
Fig. 21, the area enclosed by a solid line is a mature peptide 
and the part in gray color shows glycine which is presumed to 
be converted to an amide. 
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Fig. 22 shows a DNA nucleotide sequence of CT-2 . In Fig. 
22, an area enclosed by a solid line is a mature peptide and 
the part in gray color shows glycine which is presumed to be 
converted to an amide. Glutamine located at the N-terminal 
side of mature substance in Fig. 22 is presumed to be converted 
to pyroglutamic acid. 

Fig. 23 shows a drawing where amino acids of CRSP, CGRP, 
AM, CT-2 and CT are compared. 

There is shown comparison of amino acid sequences of CRSP 
(pCRSP) , CRSP-2 (pCRSP-2), CRSP-3 (pCRSP-3) and CT-2 (pCT-2) 
which are peptides of the present invention with amino acid 
sequences of pig calcitonin gene-related peptide (pCGRP) , pig 
calcitonin (pCT) and pig adrenomedullin (pAM) . 

Fig. 24 shows the result of a high-sensitivity 
quantitative determination, by RT-PCR, of expressed amount of 
gene of CRSP, CRSP-2, CRSP-3, CT-2, CT and CGRP. The vertical 
axis in the drawing shows various genes while the horizontal 
axis shows tissues of pigs where expressed amount of gene was 
measured. In order to normalize total amount of RNA, expressed 
amount of GAPDH (glyceraldehydes-3-phosphate dehydrogenase) 
was also measured. 

Best Mode for Carrying Out the Invention 

The present inventors have purified two kinds of novel 
physiologically active peptides from an extract of porcine brain 
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using a cAMP production of renal epithelial cells as an index. 
When the amino acid sequence of the resulting peptides is 
analyzed, it has been found that they are a peptide (hereinafter, 
it will be referred to as CRSP) comprising the following 38 



amino acids 

Ser-Cys-Asn-Thr-Ala-Thr-Cys-Met-Thr-His- 10 
Arg-Leu-Val-Gly-Leu-Leu-Ser-Arg-Ser-Gly- 20 
Ser-Met-Val-Arg-Ser-Asn-Leu-Leu-Pro-Thr- 30 
Lys-Met-Gly-Phe-Lys-Val-Phe-Gly-NH 2 38 
and a peptide (hereinafter, it will be referred to as CRSP-G) 
comprising the following 39 amino acids where glycine is bonded 
to a C-terminal of the above described peptide. 

Ser-Cys-Asn-Thr-Ala-Thr-Cys-Met-Thr-His- 10 
Arg-Leu-Val-Gly-Leu-Leu-Ser-Arg-Ser-Gly- 20 
Ser-Met-Val-Arg-Ser-Asn-Leu-Leu-Pro-Thr- 30 
Lys-Met-Gly-Phe-Lys-Val-Phe-Gly-Gly-OH 39 



When the amino acid sequences of those peptides were 
searched by databases (Genbank, swissprot, DDBJ) , both have 
been found to be confirmed to have novel amino acid sequences. 

Those amino acid sequences are shown in SEQ NO: 1 and 
SEQ ID NO: 2 of the Sequence Listing, respectively. 

A synthetic primer was prepared on the basis of the amino 
acid sequence of the resulting peptide and amplified by a PCR 
using pig gene as a template whereupon an aimed gene was cloned. 

On the basis of the amino acid sequence, the primer used 
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was 

TG (C/T) AA (C/T) AC (A/C/G/T) GC (A/C/G/T) AC (A/C/G/T) TG (C/ 
T) ATGAC 

at the N-terminal side and was 

CC (A/G) AA (A/C/G/T) AC (C/T) TT (A/G) AA (A/C/G/T ) CCCATA 
at the C-terminal side. 

A base sequence of the resulting gene is shown in SEQ 
ID NO: 3 of Sequence Listing and an amino acid sequence coded 
thereby is shown as follows. 



Met- 


-Gly- 


-Phe- 


-Trp- 


-Lys- 


-Phe- 


-Pro- 


-Pro- 


-Phe- 


-Leu- 


10 


Val- 


-Leu- 


-Ser- 


-Ile- 


-Leu- 


-Val- 


-Leu- 


-Tyr- 


-Gln- 


-Ala- 


20 


Gly- 


-Met- 


-Phe- 


-His- 


-Thr- 


-Ala- 


-Pro- 


-Met- 


-Arg- 


-Ser- 


30 


Ala- 


-Phe- 


-Gly- 


-Ser- 


-Pro- 


-Phe- 


-Asp- 


-Pro- 


-Ala- 


-Thr- 


40 


Leu- 


-Ser- 


-Glu- 


-Glu- 


-Glu- 


-Ser- 


-Arg- 


-Leu- 


-Leu- 


-Leu- 


50 


Ala- 


-Ala- 


-Met- 


-Val- 


-Asn- 


-Asp- 


-Tyr- 


-Glu- 


-Gln- 


-Met- 


60 


Lys- 


-Ala- 


-Arg- 


-Glu- 


-Met- 


-Gln- 


-Lys- 


-Gin 


-Arg- 


-Ala- 


70 


Gln- 


-Gly 


-Ser- 


-Gly- 


-lie- 


-Ser- 


-Val 


-Gin- 


-Lys- 


-Arg- 


80 


Ser- 


-Cys 


-Asn- 


-Thr- 


-Ala- 


-Thr- 


-Cys 


-Met 


-Thr- 


-His- 


90 


Arg- 


-Leu- 


-Val 


-Gly- 


-Leu- 


-Leu* 


-Ser 


-Arg 


-Ser 


-Gly- 


100 


Ser- 


-Met- 


-Val 


-Arg- 


-Ser- 


-Asn- 


-Leu 


-Leu 


-Pro 


-Thr- 


110 


Lys- 


-Met- 


-Gly 


-Phe- 


-Lys 


-Val- 


-Phe 


-Gly-Gly-Arg- 


120 


Arg- 


-Arg- 


-As.n 


-Phe- 


-Trp 


-Ile 










126 



(In the formula, the underlined 81st to 118th ones are CRSP.) 

The amino acid sequence is shown in SEQ IDNO: 4 of Sequence 
Listing. 
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Using pig CRSP cDNA as a probe, the peptide of the present 
invention was prepared from a library of bovine and canine 
thyroid cDNA. 

An amino acid sequence of bovine CRSP represented by 
one-letter codes for amino acids is as follows. 
ACNTATCMTHRLAGWLSRSG 
SMVRSNLLPTKMGFKIFNGP-OH 

When it is represented by three-letter codes for amino 



acids, it is as follows. 

Ala-Cys-Asn-Thr-Ala-Thr-Cys-Met-Thr-His- 10 

Arg-Leu-Ala-Gly-Trp-Leu-Ser-Arg-Ser-Gly- 2 0 

Ser-Met-Val-Arg-Ser-Asn-Leu-Leu-Pro-Thr- 3 0 

Lys-Met-Gly-Phe-Lys-Ile-Phe-Asn-Gly-Pro-OH 4 0 



An amino acid sequence of canine CRSP represented by 
one-letter codes for amino acids is as follows. 
SCNSATCVAHWLGGLLSRAG 
SVANTNLLPTSMGFKVYN-OH 

When it is represented by three-letter codes for amino 



acids, it is as follows. 

Ser-Cys-Asn-Ser-Ala-Thr-Cys-Val-Ala-His- 10 

Trp-Leu-Gly-Gly-Leu-Leu-Ser-Arg-Ala-Gly- 2 0 

Ser-Val-Ala-Ash-Thr-Asn-Leu-Leu-Pro-Thr- 30 

Ser-Met-Gly-Phe-Lys-Val-Tyr-Asn-OH 38 



Each of those amino acid sequences, nucleotide sequences 
and total amino acid sequences coded by gene is shown in Sequence 
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Listing. 

An amino acid sequence of the peptide of the present 
invention of bovine is shown in SEQ ID NO: 6 of Sequence Listing, 
a nucleotide sequence of the gene thereof is shown in SEQ ID 
NO: 7 of Sequence Listing and an amino acid sequence of a peptide 
on the basis of the gene is shown in SEQ ID NO: 8. 

An amino acid sequence of the peptide of the present 
invention of canine is shown in SEQ ID NO: 9 of Sequence Listing, 
a nucleotide sequence of the gene thereof is shown in SEQ ID 
NO: 10 of Sequence Listing and an amino acid sequence of a peptide 
on the basis of the gene is shown in SEQ ID NO: 11. 

Using the full length of coding region of pig CRSP cDNA 
as a probe, gene coding for a peptide having a homology to CRSP 
was prepared from a pig genomic library. Peptides which are 
products of the gene are named CRSP-2 and CRSP-3, respectively. 

Similarly, gene coding for a peptide having a homology 
to pig calcitonin (CT) was identified. A peptide which is a 
product of the gene was named CT-2 . 

An amino acid sequence of CRSP-2 as represented by 
three-letter codes for amino acids is as follows. 

Ser-Cys-Asn-Thr-Ala-Ser-Cys-Val-Thr-His- 10 
Lys-Met-Thr-Gly-Trp-Leu-Ser-Arg-Ser-Gly- 20 
Ser-Val-Ala-Lys-Asn-Asn-Phe-Met-Pro-Thr- 30 
Asn-Val-Asp-Ser-Lys-Ile-Leu-NH 2 37 
An amino acid sequence of CRSP-3 as represented by 
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three-letter codes for amino acids is as follows. 

Ser-Cys-Asn-Thr-Ala-Ile-Cys-Val-Thr-His- 10 

Lys-Met-Ala-Gly-Trp-Leu-Ser-Arg-Ser-Gly- 20 

Ser-Val-Val-Lys-Asn-Asn-Phe-Met-Pro-Ile- 30 

Asn-Met-Gly-Ser-Lys-Val-Leu-NH 2 37 
An amino acid sequence of CT-2 as represented by 

three-letter codes for amino acids is as follows. 

Glu-Cys-Asn-Asn-Leu-Ser-Thr-Cys-Val-Leu- 10 

Gly-Thr-Tyr-Thr-Trp-Asp-Val-Asn-Lye-Phe- 20 

Tyr-Ala-Phe-Pro-Leu-Thr-Thr-Thr-Gly-Ile- 30 

Arg-Val-Ser-NH 2 33 
An amino acid sequence of CRSP-2 is shown in SEQ ID NO: 
12 of Sequence Listing, a nucleotide sequence of cDNA thereof 
is shown in SEQ ID NO: 13 and an amino acid sequence of a peptide 
on the basis of the cDNA (a precursor peptide) is shown in SEQ 
ID NO: 14. A nucleotide sequence of CRSP-2 gene is shown in 
SEQ ID NO: 15. 

An amino acid sequence of CRSP-3 is shown in SEQ ID NO: 
16 of Sequence Listing, a nucleotide sequence of cDNA thereof 
is shown in SEQ ID NO: 17 and an amino acid sequence of a peptide 
on the basis of the cDNA (a precursor peptide) is shown in SEQ 
ID NO: 18. 

An amino acid sequence of CT-2 is shown in SEQ ID NO: 
19 of Sequence Listing, a nucleotide sequence of cDNA thereof 
is shown in SEQ ID NO: 20 and an amino acid sequence of a peptide 
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on the basis of the cDNA (a precursor peptide) is shown in SEQ 
ID NO: 21. A nucleotide sequence of CRSP-3 gene and CT-2 gene 
is shown in SEQ ID NO: 22. 

In Fig. 1, a structure of pig CRSP is schematically shown 
as an example of the peptides of the 'present invention. In 
the case of the peptide of this example, the second Cys and 
the seventh Cys are in an -S-S- bond mode. 

Fig. 2 shows comparison of amino acid sequences of pig 
CRSP (pCRSP) of the peptide of the present invention, pig 
calcitonin gene-related peptide (pCGRP-I), human calcitonin 
gene-related peptide I (hCGRP-I) , human calcitonin 
gene-related peptide II (hCGRP-II) , human amylin (hAmylin) , 
pig calcitonin (pCT) and human adrenomedullin (hAM) . 

The CRSP of the present invention has a homology in terms 
of amino acid sequence to pig calcitonin gene-related peptide 
(pCGRP) , human CGRP-I and human CGRP-II to an extent of 71.1%, 
63.2% and 71.1%, respectively. 

Comparison of amino acids for CRSP, CRGP, AM, CT-2 and 
CT with regard to peptides derived from pig is shown in Fig. 
23. 

The result of Northern blotting for investigating the 
expression site of CRSP is shown in Fig. 3 by a photograph as 
a drawing. An arrow in Fig. 3 shows the position of CRSP mRNA. 
Further, content of peptides in each tissue was measured by 
means of radioimmunoassay using antibody against CRSP. Result 
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of the measurement is shown in the following Table 1. 



Table 1 



Concentration of CRSP in Tissues as Measured by Radioimmunoassay 



Tissues 


Immunoactivity of CRSP 
(pmol/g tissue) 


Cerebral cortex 


0.29 + 0.04 


Cerebellum 


0.18 ±0.02 


Midbrain 


7.5 ±0.9 


Hippocampus 


0.78 ±0.16 


Caudatum 


1.3 + 0.1 


Thalamus 


3.5 ±0.4 


Hypothalamus 


9.9 ±1.2 


Pons/Medulla oblongata 


2.2 ±0.3 


Spinal cord 


0.52 ±0.06 


Olfactory bulb 


0.74 ±0.22 


Anterior pituitary 


14 ±2 


Posterior pituitary 


96 ±15 


Lung 


0.11 ±0.00 


Adrenal giand 


0.42 ±0.05 


Kidney/Cortex 


0.12 ±0.01 


Kidney/Medulla 


0.088 ±0.039 


Liver 


0.13 ±0.02 


Spleen 


0.11 ±0.01 


Stomach 


0.29 ±0.00 


Small intestine 


0.072 ±0.018 


Pancreas 


0.066 ±0.010 


Thyroid gland 


68 ±39 


Ovary 


0.18 ±0.09 


. Cardiac atrium 


0.20 ±0.04 


Cardiac ventricle 


0.21 ± 0.09 


Aorta 


0.33 ±0.19 



Each value. represents mean ± standard error (n = 3) 



As a result, high levels of gene expression regarding 
CRSP of the present invention have been detected in central 
nervous system such as midbrain and hypothalamus, and in 
peripheral system such as thyroid gland. Moderate expression 
was detected in pons/medulla oblongata. Expression, though 
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only a little, was detected even in cerebrum and pituitaries . 
On the other hand, the concentration of CRSP in tissues was 
most abundant in posterior pituitary and thyroid gland, and 
also high in midbrain, hypothalamus and anterior pituitary. 

Biological activity of CRSP was then investigated. 

Firstly, cAMP productivity of CRSP was investigated using 

LLC-PKi cells. 

CRSP dissolved in DM EM was added to a medium for LLC-PKi 
cells and amount of cAMP secreted therefrom was quantified by 
means of radioimmunoassay using a cAMP-specif ic antibody. The 
result is shown in Fig. 4. The vertical axis in Fig. 4 shows 
the production amount of cAMP (pmol/10 5 cells/30 minutes) while 
the horizontal axis thereof shows a reverse logarithm (-log 
(peptide concentration (M) ) ) of concentration of each peptide. 
A closed circle (♦) of Fig. 4 shows CRSP of the present invention, 
an open circle (o) shows pig calcitonin gene-related peptide 
(pig CGRP) and an open rhombus (0) shows pig calcitonin (pig 
CT) . As a result, CRSP of the present invention very strongly 
increases (ED 50 being about 1.5 nM) an intracellular adenylyl 
cyclase activity of LLC-PKi cells derived from pig renal 
epithelial cells in a concentration-dependent manner. The 
activity was stronger than pig calcitonin (ED 50 being about 8.7 
nM) and pig CGRP (ED 50 being about 62 nM) to an extent of about 
6-fold and about 40-fold, respectively. 

Then, CRSP of the present invention was investigated in 
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function of promoting incorporation of sodium ion and calcium 
ion . 

A culture solution of LLC-PKi cells was substituted with 
a Hanks' choline chloride solution, CRSP and sodium chloride 
having a predetermined radioactivity ( 22 Na) were added thereto 
so as to make the final concentration 0 M, 1CT 8 M, 10" 7 M and 

2 2 

10" 6 M each, the cells were washed after 10 minutes so that Na 
contained in the solution outside the cells was completely 
removed and radioactivity incorporated into the cells was 
measured by a gamma-counter. Similarly, a culture solution 
of LLC-PKi cells was substituted with a Hanks' choline chloride 
solution, sodium chloride having a predetermined radioactivity 
( 22 Na) as well as CRSP and an amyloride derivative 
(5- (N-ethyl-N-isopropyl) -amiloride) (EIPA) which is an Na/H 
co-transporter inhibitor were added thereto so as to make the 
final concentration 0 M CRSP + 0 M EIPA, 10" 6 M CRSP + 0 M EIPA, 
10" 6 M CRSP + 10 -8 M EIPA, 1CT 6 M CRSP + 10" 7 M EIPA, 10" 6 M CRSP 
+ 1CT 6 M EIPA and 0 M CRSP + 10 -6 M EIPA each. Cells were washed 
after 10 minutes so that 22 Na contained in the outer solution 
of the cells was completely removed and radioactivity 
incorporated into the cells was measured by a gamma-counter. 

The results are shown in Fig. 5 (incorporation of sodium 
ion in the absence of EIPA), Fig. 6 (incorporation of sodium 
ion in the presence of EIPA) and Fig. 7 ( incorporation of calcium 
ion) . The vertical axes in Fig. 5, Fig. 6 and Fig. 7 show 
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incorporated amounts (cpm) of each ion, while the left end of 
the horizontal axis shows control (no peptide added) and to 
the right thereof shows CRSP for each concentration. Right 
side of the control in the horizontal axis in Fig. 6 shows the 
case of a sole administration of CRSP, the right side thereof 
shows each concentration of co-administration of CRSP with EIPA 
and the right end shows the case of a sole administration of 
EIPA. sCT in Fig. 7 shows salmon calcitonin. In Fig. 5, Fig. 
6 and Fig. 7, the marks *, ** and *** show that there was a 
significant different when p < 0.05, p < 0.01 and p < 0.001, 
respectively. 

As a result, it was found that CRSP activated an 
amyloride-sensitive Na/H co-transporter on LLC-PKi cells 
whereby incorporation of sodium into cells was promoted and 
incorporation of calcium into cells was suppressed. 

A suppressive action of CRSP for cell proliferation was 

then investigated. 

A solution of each peptide in DMEM in each concentration 
was added to LLC-PKi cells, then DMEM (containing 0.1% BSA) 
which contained bromodeoxyuridine labeled with 125 I ( 125 I-DU) 
was added to each well and, after 5 hours, radioactivity 
incorporated into the nuclei was measured by a gamma-counter 
to measure the DNA amount synthesized as a result of cell 
proliferation. The result is shown in Fig. 8. The vertical 
axis in Fig, 8 shows incorporated amount of 125 I-DU (x 100 
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cpm/well) while the horizontal axis shows a reverse logarithm 
(-log (peptide concentration (M) ) ) of each peptide. A closed 
circle (•) in Fig. 8 shows CRSP of the present invention, an 
open circle (o) shows pig calcitonin (pigCT) and an open rhombus 
(0) shows salmon calcitonin (salmon CT) . 

With regard to the number of proliferated cells, each 
solution of CRSP in DMEM in various concentrations was added 
to LLC- PKi cells of 10, 000 cells/well, incubation was conducted, 
the cells on the incubation dish was taken out by a trypsin-EDTA 
solution and cell numbers were counted using a counting plate . 
The result is shown in Fig. 9. The vertical axis in Fig. 9 
shows cell numbers (x 1,000 cells/well), while the left end 
of the horizontal axis shows control (no CRSP added) and to 
the right thereof shows CRSP of each concentration. The mark 
* shows that there was a significant difference when p < 0.05. 

As a result thereof, it was found that CRSP has an action 
of suppressing the growth of LLC-PKi cells. 

Action of CRSP of the present invention on calcitonin 
receptor was investigated. 

Pig calcitonin receptor (CTR) was introduced into a 
mammalian expression vector pcDNA 3.1, expressed in rhesus 
monkey renal cells (COS-7) and production amount of cAMP by 
stimulation of CRSP was measured by radioimmunoassay. 
Similarly, CTR was expressed in opossum renal cells (OK cells) 
and production amount of cAMP by stimulation of CRSP was measured 
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by radioimmunoassay while incorporation of sodium ion was 
measured by measuring the incorporation of sodium chloride 
having radioactivity ( 22 Na) by a gamma -count er . The results 
are shown in Fig. 10 (changes in cAMP productivity by CRSP 
stimulation in cells (COS-7) where calcitonin receptor was 
expressed in a genetic engineering manner), Fig. 11 (changes 
in cAMP productivity in opossum renal epithelial cells where 
pig calcitonin receptor (CTR) was expressed) and Fig. 12 (changes 
in incorporation of sodium ion in opossum renal epithelial cells 
where pig calcitonin receptor (CTR) was expressed) . 

The vertical axis in Fig. 10 shows a production amount 
of cAMP (pmol/well/30 minutes) while the horizontal axis shows 
a reverse logarithm (-log (ligand concentration (M) ) ) of 
concentration of each peptide (ligand) . A closed circle (•) 
of Fig . 10 shows CRSP of the present invention and an open rhombus 
(0) shows pig calcitonin (pCT) . The vertical axis in Fig. 11 
shows production amount of cAMP ( fmol/well/hour ) while the 
horizontal axis shows a reverse logarithm (-log (CRSP 
concentration (M) ) ) of concentration of CRSP . A closed circle 
(•) of Fig. 11 shows the case of opossum renal epithelial cells 
into which pig calcitonin receptor (CTR) is introduced and a 
closed square (■) shows the case of opossum renal epithelial 
cells (OK cells) . The vertical axis in Fig. 12 shows the ratio 
of incorporated amounts of sodium ion (where the control being 
100) while the horizontal axis shows a reverse logarithm (-log 
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(CRSP concentration (M) ) ) of CRSP concentration. A closed 
circle (•) of Fig. 12 shows the case where opossum renal 
epithelial cells into which pig calcitonin receptor (CTR) is 
introduced and a closed square (■) shows the case of opossum 
renal epithelial cells (OK cells) . A mark *** in Fig. 12 shows 
that there was a significant difference when p < 0.001. 

As a result, it was noted that, when CTR was expressed 
in COS-7 and stimulated by CRSP, intracellular adenylyl cyclase 
activity increases (ED 50 being about 0.2 nM) . The activity was 
stronger than pig calcitonin (ED 50 being about 71 nM) to an extent 
of about 350-fold." Such an action of CRSP was stronger than 
pig calcitonin to an extent of about 350-fold and was strongest 
among the known physiologically active peptides. It was 
similarly noted that, when CTR was expressed in opossum renal 
epithelial cells (OK cells) and stimulation was conducted by 
CRSP, intracellular adenylyl cyclase activity increases and, 
at the same time, an amyloride-sensitive Na/H co-transporter 
was activated whereupon incorporation of sodium into cells was 
promoted . 

Changes in blood pressure and ion concentration in plasma 
in rats by CRSP were also investigated. 

CRSP corresponding to an amount of 16 nmol/kg dissolved 
in a physiological saline solution was administered at a time 
within a short period from jugular vein of rat under an 
anesthetized condition and calcium concentration in the plasma 
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and blood pressure were measured- The results are shown in 
Fig. 13 (changes in calcium concentration in blood by 
administration of CRSP) and Fig. 14 (changes in blood pressure 
by administration of CRSP) . The vertical axis in Fig. 13 shows 
a calcium concentration in blood while the horizontal axis shows 
time (minutes). The vertical axis in Fig. 14 shows blood 
pressure (mmHg) while the horizontal axis shows time (minutes) . 
Amark ** in Fig. 13 shows that there was a significant difference 
when p < 0.01. 

As a result, it was noted that, when CRSP was administered, 
calcium concentration in plasma transiently lowered while there 
was no apparent change in blood pressure by that. 

Then, the difference in cAMP production-promoting 
activities by CRSP and CRSP-Gly was investigated. 

Pig calcitonin receptor (CTR) was introduced into 
mammalian expression vector pcDNA 3.1 and then expressed in 
rhesus monkey renal cells (COS-7) whereupon production amount 
of cAMP by CRSP stimulation was measured by radioimmunoassay. 
The result is shown in Fig. 15. 

As a result, it was noted that CRSP and CRSP-Gly have 
nearly the same cAMP productivity. 

Further, with regard to the peptides of the present 
invention identified in cow and dog (bovine CRSP and canine 
CRSP), cAMP productivity of CRSP using LLC-PKi cells by the 
same manner as above was investigated. The result is shown 
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in Fig. 16. The vertical axis in Fig . 16 shows production amount 
of cAMP (pmol/well/10 minutes) while the horizontal axis shows 
the concentration of CRSP added thereto. 

As a result, it was found that even bovine and canine 
CRSPs achieved nearly the same result as in the case of pig 
CRSP. 

Expressed amounts of gene by various peptides of the 
present invention, CRSP, CRSP-2, CRSP-3, CT-2, CT, CGRP and 
GAPDH were measured by a high-sensitivity quantitative 
determination using an RT-PCR. The result is shown in Fig. 
24. 

With regard to CRSP-2 and CRSP-3, the expression was 
observed in the central nervous system, thyroid gland and ovary. 
On the contrary, with regard to CT-2 , its band was not amplified 
in any tissue whereby no expression was observed . It is presumed 
that CT-2 is expressed only in other areas than the tissues 
shown in Fig. 24. 

As described above, it is noted that the peptides of the 
present invention stimulate calcitonin receptor in a stronger 
manner than calcitonin whereupon adenylyl cyclase is activated 
by that. The above shows that the peptide of the present 
invention is a genuine endogenous ligand for calcitonin 
receptor . 

Accordingly, the peptides of the present invention are 
believed to act on the calcitonin receptor in peripheral tissues 
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and elicit the following pharmaceutical effects. 

Calcitonin promotes incorporation of calcium into bone 
via calcitonin receptor which is a receptor of calcitonin. It 
is concluded that, like calcitonin, the peptides of the present 
invention act on calcitonin receptor and promote the 
incorporation of calcium into bone. Actually, as shown in Fig. 
13, a decrease in calcium concentration in plasma was detected 
in rats by administration of the peptide. It is concluded that 
the result supports the promotion of incorporation of calcium 
into bones. By utilizing such a function, the peptides are 
applicable as a drug for recovery of bone density, reduced due 
to osteoporosis, to a healthy state and can be used as preventive 
and treating agents for osteoporosis. 

In addition, as shown in Fig. 13, the present peptides 
have an activity of lowering the calcium concentration in plasma 
whereupon they are applicable as drugs for lowering the calcium 
concentration in plasma of hypercalcemia as a result of alkalosis, 
etc. to a normal level and can be used as treating and preventive 
agents for hypercalcemia. 

The peptides of the present invention activate the action 
of an amyloride-sensitive Na/H co-transporter of renal 
epithelial cells. That is the activity opposed to amyloride 
which is a potassium-retaining diuretic agent, whereby they 
can be used as an antidiuretic agent. 

As shown in Fig. 8 and Fig. 9, the peptides of the present 
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invention strongly suppress the growth of renal epithelial cells 
via a calcitonin receptor . It has been reported that calcitonin 
strongly suppresses the growth of adenocarcinoma cells, etc. 
via a calcitonin receptor (Cancer Res. 1985, 45, 4890-4894 and 
others) . Accordingly, it is expected that the peptides of the 
present invention will similarly suppress the growth of cancer 
cells via a calcitonin receptor in a stronger manner than 
calcitonin and they are able to be used as treating and preventive 
agents for cancer. 

It was detected the large number of the peptides of the 
present invention in the central nervous system. With regard 
to calcitonin already known in the prior art as an agonist, 
its expression in the central nervous system is not detected 
while calcitonin receptor is expressed in the central nervous 
system and such a fact shows that the peptide of the present 
invention is a genuine endogenous ligand in the central nervous 
system. It has been reported that, when calcitonin is 
administered into a cerebral ventricle, suppression of appetite 
and analgesic action are resulted. Since calcitonin is not 
expressed in the brain, it is believed that the present peptides 
carry such an action in the brain. 

Therefore, it is believed that the peptides of the present 
invention act on calcitonin receptor in the central nervous 
system and elicit the following pharmaceutical effects. 

It has been reported that calcitonin acts for suppressing 
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the appetite in the central nervous system (Science 1979, 206, 
850-852; The Bone 1992, 6, 69-74; etc.) . The peptides of the 
present invention, which can activate a calcitonin receptor 
more strongly than calcitonin, have a great possibility to elicit 
a strong appetite-suppressing action. The peptides of the 
present invention, by means of administration, can be used as 
a treating and preventive agent for obesity and diseases caused 
thereby (such as hypertension and hyperlipemia) . 

It has been further reported that calcitonin preparations 
show analgesic action to pain of bone due tometastasis of cancer, 
osteoporosis, etc., to pain by migraine and pancreatitis, etc. 
{Am. J. Med. Sci. 1997, 313, 13-16; etc.). There is a high 
possibility that the peptides of the present invention, which 
activate the calcitonin receptor more strongly than calcitonin, 
have a strong analgesic action same as calcitonin and they are 
effective as analgesics to those pains. 

The peptides of the present invention have 
characteristics of: (1) being expressed in central nervous 
systems, .(2) strongly acting on calcitonin receptor, (3) 
promoting a cAMP productivity of cells, and relate to the 
peptides which have at least the following amino acid sequence 
Ser-Cys-Asn-Thr-Ala-Thr-Cys-Met-Thr-His- 10 
Arg-Leu-Val-Gly-Leu-Leu-Ser-Arg-Ser-Gly- 2 0 

Ser-Met-Val-Arg-Ser-Asn-Leu-Leu-Pro-Thr- 30 
Lys-Met-Gly-Phe-Lys-Val-Phe-Gly 38 
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or an amino acid sequence where a part of the amino acids are 
deleted, substituted or added. The peptides of the present 
invention include amide derivatives, ester derivatives and 
derivatives of functional group of side chain of each amino 
acid such as amino group of lysine and hydroxyl group of serine 
provided that the above described amino acid sequence is 
comprised. More preferable peptides of the present invention 
further have the characteristics of : (4) incorporating sodium 
ion concent rat ion-dependent ly, (5) suppressing .the 
incorporation of calcium ion, (6) suppressing the cell 
proliferation. 

The peptides of the present invention are not limited 
to the above described amino acid sequence so far as they have 
the above described characteristics (1) to (3) or, preferably, 
(1) to (6) , and they may be peptides where a part of the amino 
acids in the amino acid sequence are deleted, substituted and/or 
added. With regard to the amino acid sequence as such, though 
not limited to, it preferably has 50% or more homology, more 
preferably may have 75% or more, 80% or more, still more 
preferably may as well have 85% or more homology. Furthermore, 
the preferable peptides of the present invention include, those 
which comprising an amino acid sequence having 50% or more, 
preferably 60% or more homology to the amino acid sequence of 
calcitonin or calcitonin gene-related peptides. 

In the above example, CRSPs of the present invention 
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derived from a pig have been described, however, the peptides 
of the present invention are not limited to those derived from 
pig but comprise the peptides derived from mammals such as human 
beings, rats, dogs and cows and fish such as salmon, etc. 

The peptides of the present invention can be separated 
or purified from natural products by amanner such as extraction, 
or can be synthesized by way of common peptide synthesis methods . 
It is further possible to produce the peptide by means of a 
gene recombination technique where the gene of the present 
invention is incorporated into a suitable vector, and 
prokaryotic cells or eukaryotic cells are used as hosts. 

The pharmaceutical composition of the present invention 
comprises the peptide of the present invention and a 
pharmaceutical^ acceptable carrier. The pharmaceutical 
composition of the present invention can be administered either 
orally or parenterally , and preferably it is administered 
parenterally by such as intravenous injection and intramuscular 
injection. 

The pharmaceutical composition of the present invention 
can be made into preparations such as a preparation for injection, 
a freeze-dried preparation and a preparation for rectal 
administration. It also can be made into preparations for 
external application such as adhesive device, ointment and 
plaster. It can further be made into preparations such as 
sublingual tablets. Formulation can be carried out by means 
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of general methods for peptide preparation. 

The pharmaceutical composition of the present invention 
can be used in combination with other effective ingredients 
other than the peptide of the invention. With regard to the 
dose of the pharmaceutical composition of the present invention, 
it can be administered usually within a range from 1 (xg/kg to 
1,000 mg/kg of body weight, preferably from 0.1 mg/kg to 500 
mg/kg of body weight per day in terms of the amount of the peptides 
of the present invention, however, may be varied depending on 
nature of the patient and condition of the disease. Since the 
peptide of the present invention act s more on calcitonin receptor 
than calcitonin does, it may be applied to the diseases in the 
same manner as in the case of the conventional calcitonin 
preparations . 

Since the peptide of the invention further includes a 
peptide having identity with a calcitonin gene-related peptide 
(CGRP) , it can be utilized not only for the above described 
object but a physiological activity thereof similar to CGRP 
can also be utilized. 

The known physiological activity of CGRP include such 
as acting strongly on a CGRP receptor and promoting the cAMP 
production in cells . It also has been reported that CGRP induces 
relaxation of blood vessel (Regul. Pept . 1986, 15, 1-23; etc.), 
promotes diuresis (Proc. Soc. Exp. Biol. Med. 1998, 188, 316-322; 
etc.) and alters the proliferation potency of vascular 
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endothelial cells and cells such as vascular smooth muscle and 
fibroblast (Proc. Natl. Acad. Sci. USA 1990, 87, 3299-3303; 
Regul. Pept. 2001, 101, 169-178; etc.). 

Accordingly, with regard to some of the peptides of the 
present invention, particularly those having a high homology 
to CGRP, it is expected to have function of (1) being expressed 
in central nervous system, (2) strongly acting on a calcitonin 
receptor, (3) promoting a cAMP productivity of cells, (4) 
incorporating sodium ion concentrat ion-dependently , (5) 
suppressing the incorporation of calcium ion, and (6) 
suppressing the cell proliferation. In addition to the above, 
it is also expected to have the similar functions to those of 
CGRP such as (7) strongly acting on calcitonin-related peptide 
receptor, (8) inducing relaxation of blood vessel , (9) promoting 
diuresis, and (10) altering the proliferation potency of 
vascular endothelial cells, vascular smooth muscle and 
fibroblast, although all the peptides of the present invention 
do not always have those functions of (7) to (10) . 

According to the functions that CGRP have, the 
pharmaceutical composition containing the peptide of the 
present invention can be utilized as preparations in use for 
the f ollowingpurposes in addition to the above described usages . 
Namely, it can be used for such as a hypotensive agent where 
the function of blood vessel relaxation is directly utilized, 
a hypotensive agent where the function of blood vessel relaxation 
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via central and peripheral nervous systems is utilized, a 
diuretic, and preventives for restenosis after PTCA 
(percutaneous transluminal coronary angioplasty) where the 
function of suppressing the proliferation of smooth muscle of 
blood vessel is utilized. 

Meanwhile, all the contents disclosed in the 
specification of Japanese Patent Application No. 2002/162, 797 
will be incorporated herein. 

Examples 

The present invention will now be more specifically 
illustrated by way of the following Examples although the present 
invention is never limited by those Examples. 

Example 1 (Extraction and isolation of CRSP peptide) 
Pig brain (20 kg) was boiled for 10 minutes in water of 
a 4-fold amount, cooled and homogenized by addition of acetic 
acid as to make its final concentration 1M and the insoluble 
matters were removed by centrif ugation to prepare a pig brain 
extract. This was ^desalted and concentrated by means of 
ultrafiltration (Pericon Cassette PLAC #000-05, manufactured 
by Millipore) and acetone was gradually added to the extract 
after desalting under cooling with ice so as to make the final 
concentration 66%. The precipitate was removed by centrifugal 
separation, acetone was removed from the supernatant liquid 
using an evaporator and the residue was adsorbed with a reversed 
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phase column (LC-SORB SPW-C-ODS; Chemco; 1.5 1). After the 
column was washed with a 3-fold amount of 0.5 M acetic acid, 
the peptide fraction was eluted with a 3-fold amount of eluting 
buffer (water, : acetonitrile : 10% trif luoroacet ic acid = 
40:60:1) . Acetonitrile was removed from the eluate using an 
evaporator followed by subjecting to a f reeze-drying . 

The freeze-dried specimen was weighed, dissolved in 1 
M acetic acid, adsorbed with an open column filled with a 
cation-exchange resin ( SP-Sephadex, Pharmacia, 3 x 28 cm) and 
fractionated into a fraction (SP-I) which just passed 
therethrough (SP-I), a fraction (SP-II) eluted with 2 M pyridine 

(pH8.0) anda fraction (SP-III) eluted with 2 M pyridine-acet ic 
acid (pH 5.0) to prepare an SP-III strongly ionic fraction. 
The fraction was freeze-dried, dissolved in 1 M acetic acid 
and fractionated into fractions corresponding to molecular 
weights by means of gel filtration (Sephadex G-50, Pharmacia, 
7.5x145 cm, 1 M acetic acid, flow rate: 100 ml/hour) whereupon 
the part corresponding to molecular weights of from 1 kDa to 
5 kDa was collected. It was again subjected to gel filtration 

(Sephadex G-25, Pharmacia, 7.5 x 145 cm, 1 M acetic acid, flow 
rate: 100 ml/hour) to separate into fractions corresponding 
to molecular weights and the part corresponding to molecular 
weights of from 2 kDa to 4 kDa was collected and freeze-dried. 

The freeze-dried specimen was subjected to a 
concentration-gradient elution by ammonium formate of from 10 
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mM to 0.5 M using ion-exchange chromatography (CM52, Whatman, 
' 2.4 x 45 cm; solution A: 10 mM ammonium formate (pH 6.5) : 
acetonitrile = 9:1; solution B: 1 M ammonium formate (pH 6.5) : 
acetonitrile = 9:1; flow rate: 35 ml/hour). 

Then a 1/1,000 amount of each fraction was f reeze-dried, 
LLC-PKi (epithelial cells derived from kidney of pig) was 
stimulated by a medium where the freeze-dried specimen was 
dissolved in a Dulbecco' s modified Eagle medium (DMEM, 
containing 0.05% of bovine serum albumin (BSA) ) , incubation 
was conducted at 37°C for 1 hour and amount of cAMP secreted 
to the medium was quantified by radioimmunoassay. 

The method therefor is as follows. Thus, an equivalent 
amount of a mixed solution of dioxane-triethylamine (dioxane : 
triethylamine =4:1) dissolved in succinic acid anhydride so 
as to make 4% was added to 100 ul of a medium containing an 
unknown amount of cAMP and a medium containing a known amount 
of cAMP, the mixture was allowed to stand at room temperature 
for 30 minutes so that cAMP was succinylated and evaporated 
to dryness using a centrifugal evaporator, the residue was 
dissolved in 1 ml of buffer (50 mM sodium acetate (pH 6.2), 
1 mM EDTA, 0 . 025% of sodium azide, 0 . 5% serum albumin and 0 . 01% 
Triton X-100) , each 100 ul thereof was taken out to a test tube 
and a radio-labeled succinylated cAMP and antibody were added 
to each 50 ul followed by being allowed to stand at 4°C for 
48 hours. After that, 100 ul of 1% y-globulin and 500 ul of 
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25% polyethylene glycol were added thereto, the mixture was 
well mixed and centrifuged and radioactivity of the precipitate 
was measured by a gamma-counter and compared with radioactivity 
of the standard curve prepared by cAMP of the known concentration 
whereupon the amount of cAMP was quantified. 

The fraction where a rise of cAMP amount was observed 
(about 0. 3 M of ammonium formate (pH6.5)) was further sub j ected 
to a concentration-gradient elution with ammonium formate using 
a cation-exchange HPLC (TSK-gel CM-2SW, Tosoh, 7.8 x 300 mm; 
solution A: 10 mM ammonium formate (pH 3.8) : acetonitrile = 
9:1; solution B: 1 M ammonium formate (pH 3.8) : acetonitrile 
= 9:1; flow rate: 2 ml/min) . Again, a 1/1,000 amount of each 
fraction was taken out, its activity was measured, the fraction 
where activity was observed (about 0.36 M of ammonium formate 
(pH 3.8)) was further subjected to a concentration-gradient 
elution by acetonitrile using a reversed phase HPLC (C 18 218TP54 , 
Vydac, 4.6 x 250 mm; solution A: water : acetonitrile : 10% 
trif luoroacetic acid = 90:10:1; solution B: water : 
acetonitrile : 10% trif luoroacetic acid = 40 : 60 : 1) ; flow rate: 
1 ml/min) and a fraction having activity (about 32% of 
acetonitrile) was collected. This was again separated by a 
reversed phase HPLC (diphenyl 219TP5215, Vydac, 2.1 x 150 mm; 
solution A: water : acetonitrile : ' 10% trif luoroacetic acid 
= 90:10:1; solutionB: water : acetonitrile : 10% trif luoroacetic 
acid = 40: 60:1; flow rate: 0.2 ml/min) whereupon a final pure 
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specimen (about 29% of acetonitrile j was prepared. 

Apeptide (about 50 pmol) was prepared. Molecular weight 
of this peptide was 4,099 and a theoretical isoelectric point 
was calculated to be 12.81. In addition, it had such a 
hydrophobic property that was able to be eluted with acetonitrile 
of about 32% concentration in the presence of 0.1% of 
trif luoroacetic acid in a C 1Q column (4.6 x 250 mm, 218TP54) 
of Vydac as shown above. 

Example 2 (Determination of amino acid sequence of CRSP) 

An amino acid sequence was determined by an Edman method 
using an automatic amino acid sequencer. Firstly, 5 pmol of 
the pure specimen was analyzed by the amino acid sequencer from 
its N-terminal and the following was determined. 

Ser-Xaa-Asn-Thr-Ala-Thr-Xaa-Met-Thr-His-Arg-Leu-Val- 

Gly-Leu-Leu-Ser-Arg-Ser-Gly-Ser-Met-Val 

After that, 10 pmol of the pure specimen was subjected 
to a trypsin degradation and subjected to a 
concentration-gradient elution by acetonitrile using a 
reversed phase HPLC (Ci 8 218TP5215, Vydac, 2.1x150 mm; solution 
A: water : acetonitrile : 10% trif luoroacetic acid = 90:10:1; 
solution B: water : acetonitrile : 10% trif luoroacetic acid 
= 40:60:1; flow rate: 0.2 ml/min) . The resulting peaks were 
analyzed by the amino acid sequencer whereupon the following 
six sequences were able to be obtained. 

Ser-Xaa-Asn-Thr-Ala-Thr-Xaa-Met-Thr-His-Arg, 
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Leu-Val-Gly-Leu-Leu-Ser-Arg, 
Ser-Gly-Ser-Met-Val-Arg, 
Ser-Asn-Leu-Leu-Pro-Thr-Lys , 
Met-Gly-Phe-Lys and 
Val-Phe 

As a result of comparison of those sequences with the 
databases, it was concluded that the present peptide has a 
homology to a calcitonin gene-related peptide and has the 

following sequence. 

Ser-Cys-Asn-Thr-Ala-Thr-Cys-Met-Thr-His-Arg-Leu-Val- 

Gly-Leu-Leu-Ser-Arg-Ser-Gly-Ser-Met-Val-Arg-Ser-Asn- 
Leu-Leu-Pro-Thr-Lys-Met-Gly-Phe-Lys-Val-Phe-NH 2 
In the meanwhile, its molecular weight was measured using 
a mass spectrometer and the result was 4,130.6 ± 0.7 Da. This 
was different from 4 , 042 Da presumed from the amino acid sequence 
to an extent of about 89 Da but the difference is presumed to 
be due to oxidation of two methionines {2x16 Da) and the presence 
of glycine (57 Da) at C-terminal which was not able to be measured 
by the amino acid sequencer. Finally, from the next Example 
3, it was found to be as follows which was identical with those 
presumptions. 

Ser-Cys-Asn-Thr-Ala-Thr-Cys-Met-Thr-His-Arg-Leu-Val- 
Gly-Leu-Leu-Ser-Arg-Ser-Gly-Ser-Met-Val-Arg-Ser-Asn- 
Leu-Leu-Pro-Thr-Lys-Met-Gly-Phe-Lys-Val-Phe-Gly-NH 2 
(A disulfide bond is formed between the second Cys and 



40 



the seventh Cys . ) 

An amino acid sequence of the resulting CRSP is shown 
in SEQ ID NO: 1 of Sequence Listing while an amino acid sequence 
of CRSP-Gly is shown in SEQ ID NO: 2. 

Example 3 (Complementary DNA base sequence and precursor 
amino acid sequence) 

A probe was prepared by formation of a synthetic primer 

using 

(TG (C/T) AA (C/T) AC (A/C/G/T) GC (A/C/G/T) AC (A/C/G/T ) TG (C 
/T) ATGAC) 

of the N-terminal side and 

(CC (A/G) AA (A/C/G/T) AC (C/T) TT (A/G) AA (A/C/G/T) CCCATA) 
of the C-terminal side on the basis of the amino acid sequence 
of Example 2 and by amplification using a PCR where pig gene 
was used as a template. 

A complementary DNA X. phage library was prepared from 
pig hypothalamus mRNA (3 jig) using a Time Saver cDNA preparing 
kit of Pharmacia and X ZAPII of Stratagene. A method for the 
screening was as follows. Thus, Escherichia coli was infected 
to X phage (having about 100,000 independent clones), mixed 
with 0.7% agarose containing an LB medium, sown on an incubation 
dish laid with a 1.5% agar medium containing an LB medium and 
incubated for about 8 hours at 37°C. After it was cooled in 
a refrigerator for about 2 hours, the plaque formed thereby 
was transcribed to a Nylon filter, made into alkaline (by 
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treating, for 2 minutes with a 0.5 M sodium hydroxide and 1.5 
M sodium chloride solution; for 2 minutes with a 0.5 M 
Tris-hydrochloride (pH7.5) and 1 . 5 M sodium chloride solution; 
and for 5 minutes with a 45 mM sodium citrate (pH 7.0) and 4 50 
mM sodium chloride solution) and then the filter was dried at 
80°C for 2 hours. After that, the dried filter was dipped for 
at 37°C2 hours in a pre-hybridizat ion solution (50% of formamide, 
0.09 M of sodium citrate (pH 7.0), 0.9 M of sodium chloride, 
0.5% of bovine serum albumin, 0.5% of Ficoll, 0.5% of 
polyvinylpyrrolidone and 0 . 5% of sodium laurylsulf ate ) , a probe 
labeled with 32 P was added thereto and the mixture was subjected 
to hybridization at 42°c for 16 hours. After the filter was 
washed with washing solutions (with a solution of 30 mM of sodium 
citrate (pH 7.0) , 300 mM of sodium chloride and 0.1% of sodium 
laurylsulfate at room temperature for 5 minutes for two times 
and with a solution of 3 mM of sodium citrate (pH 7.0), 30 mM 
of sodium chloride and 0.1% of sodium laurylsulfate at 65°C 
for 1 hour for two times), it was exposed to X-ray film, the 
area sensitized with radioactive ray was compared with the plaque 
on the culture dish and positive clone was isolated from the 
plaque . 

The isolated positive X phage clone was converted to a 
plasmid pBluescript which is a vector suitable for a DNA 
sequencing using Helper Phage R408 of Stratagene and a nucleotide 
sequence was determined by a Sanger method. 
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The determined base sequence is shown in SEQ ID NO: 3 
of the Sequence Listing while its amino acid sequence is shown 

in SEQ ID NO: 4 . 

The resulting CRSP has a homology in terms of the amino 
acid sequence to pig calcitonin (CT) gene-related peptide (CGRP) , 
human CGRP-I and human CGRP-II to an extent of 71.1%, 63.2% 
and 71.1%, respectively (refer to Fig. 2). 

Example 4 (Expression site) 

Preparation of RNA for expressed amount of gene was carried 
out by means of extracting with acidic guanidine, phenol and 
chloroform. About 1 g of pig tissue was homogenized with 5 
ml of a denaturing solution (4 M of guanidine thiocyanate, 25 
mM of sodium citrate (pH 7.0) , 0 . 1 M of 2-mercaptoethanol and 
0.5% of sodium sarcosinate) , well stirred with a 1/10 amount 
of 2 M sodium acetate, an equivalent amount of water-saturated 
phenol and a 1/5 amount of chloroform and the mixture was 
subjected to a centrifugal separation. After that, an aqueous 
layer was separated, the same amount of 2-propanol was added 
thereto and the mixture was well stirred, allowed to stand at 
-20°C for 1 hour and centrifuged to recover the precipitate 
(RNA) . 30 ug of this RNA were subjected to an electrophoresis 
using a f ormaldehyde-agarose modified gel (1% of agarose, 2.2 
M of formaldehyde, 20 mM of Mops (pH 7) , 8 mM of sodium acetate 
and 1 mM of EDTA) , the gel after the electrophoresis was well 
washed with water to remove formaldehyde and then treated with 
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0.05 M of sodium hydroxide for 15 minutes and a solution of 
0.3 M of sodium citrate (pH 7) and 3 M of sodium chloride for 
45minutes. Afterthat, RNAcontained in the gel was transferred 
to a Nylon filter by a capillary blot method and the filter 
to which RNA was transcribed was dried at 80°C. After that, 
the filter was dipped in a ULTRAhyb hybridization solution of 
Ambion at 37°C for 2 hours, a probe labeled with 32 P was added 
where CRSP was encoded (a base pair between 346th to 488th ones 
on cDNA) and hybridization was conducted at 42°C for 16 hours. 
After the hybridization, the filter was washed with a washing 
solution (with a solution of 30 mM of sodium citrate (pH 7.0), 
300 mM of sodium chloride and 0.1% of sodium laurylsulf ate at 
room temperature for 5 minutes for two times and with a solution 
of 1 . 5 mM of sodium citrate (pH 7 . 0 ) , 15 mM of sodium chloride 
and 0.1% of sodium laurylsulf ate at 65°C for 1 hour for two 
times) and then exposed to an X-ray film whereupon RNA was 
quantified. 

The result is shown in Fig. 3. 
Example 5 (Measurement of expressed amount) 
Amount of peptide in each tissue was measured by 
radioimmunoassay utilizing an antibody prepared to the 
synthetic peptide. The tissue (about 1 g) was boiled with water 
in a 10-fold amount and cooled with ice, acetic acid was added 
so as to make it 1 M, homogenization was conducted and insoluble 
matter were removed by centrifugal separation to prepare an 



44 



extract . The extract was f reeze-dried and dissolved in a buffer 
(50 mM of sodium phosphate (pH 7.4) , 80 mM of sodium chloride, 
25 mM of EDTA, 0 . 5% of Triton X-100 , 0 . 5% of bovine serum albumin 
and 0.05% of sodium azide) and each 100 nl thereof were taken 
out to a test tube. To a buffer containing CRSP as such and 
to a buffer in which a known concentration of CRSP were added 
the same amount of radiolabeled CRSP and antibody, the mixture 
was stirred and allowed to stand at 4°C for 48 hours, 100 ul 
of y-globulin and 500 ul of 23% polyethylene glycol were added 
thereto, the mixture was well mixed and centrifuged and 
radioactivity of the precipitate was compared with 
radioactivity of a standard solution prepared from CRSP of known 
concentration whereupon the amount of CRSP was quantified. 

The result is shown in the above Table 1. 

Example 6 (Promoting action of CRSP for cAMP production 
in LLC-PK X cells) 

LLC-PKi cells were incubated in a culture medium (a 
Dulbecco-modif ied Eagle medium (DMEM) containing 10% of fetal 
calf serum (FCS) ) , CRSP dissolved in DMEM containing 0.05% of 
bovine serum albumin was substituted for a culture medium for 
the cells after two days, incubation was conducted for 30minutes, 
the medium was recovered and amount of the secreted cAMP was 
quantified by radioimmunoassay using a cAMP-specif ic antibody. 

The result is shown in Fig. 4. 

Example 7 (Action for incorporation of sodium ion and 
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calcium ion in the presence of CRSP in LLC-PKi cells) 

LLC-PKi cells were incubated for two days in a DMEM 
(containing 10% of FCS) on a six-well incubation dish. 
Measurement of incorporation of sodium ion was conducted as 
follows . 

An incubation solution for LLC-PKi cells was substituted 
with a Hanks' choline chloride solution, sodium chloride ( 22 Na) 
having a predetermined amount of radioactivity and CRSP were 
added thereto so as to make the final concentration 0 M, 10 
M, 10~ 7 M and 10~ 6 M, respectively, the cells were washed after 
10 minutes to completely remove 22 Na contained in the solution 
outside the cells and radioactivity incorporated into the cells 
was measured by a gamma-counter. Similarly, an incubated 
solution for LLC-PKi cells was substituted with a Hanks' choline 
chloride solution, sodium chloride ( 22 Na) having a predetermined 
radioactivity and each of CRSP and an amiloride derivative 
(5- (N-ethyl-N-isopropyl) -amiloride) (EIPA) which is an Na/H 
co-transporter inhibitor were added so as to make the final 
concentration 0 M of CRSP + 0 M of EIPA, 10" 6 M of CRSP + 0 M 
of EIPA, 10" 6 M of CRSP + 10' 8 M of EIPA, 10 -6 M of CRSP + 10" 7 
M of EIPA, 10" 6 M of CRSP + 10~ 6 M of EIPA and 0 M of CRSP + 
10" 6 Mof EIPA, the cells were washedafter lOminutes tocompletely 
remove 22 Na contained in the solution outside the cells and 
radioactivity incorporated into the cells was measured by a 
gamma-counter . 
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The result in the absence of EIPA is shown in Fig. 5 while 
the result in the presence of EIPA is shown in Fig. 6. 

Incorporation of calcium ion was conducted as follows. 
Thus, LLC-PKi cells were washed with a Hanks' solution 
(calcium-free Hanks' solution) where concentration of calcium 
chloride was lowered to 0 mM. Calcium chloride ( 45 Ca) was added 
to a calcium-free Hanks' solution on the cells together with 
CRSP, the cells were washed after 10 minutesjto completely wash 
out 45 Ca contained in the solution outside the cells and 
radioactivity incorporated into the cells was measured by a 
liquid scintillation counter . 

The result is shown in Fig. 7. 

Example 8 (Suppression of cell proliferation by CRSP) 
LLC-PKi cells were incubated for two days in a DMEM 
(containing 10% of FCS) on a 24-well collagen plate, once washed 
with a DMEM and substituted with a DMEM (containing 10% of FCS) 
containing 0 and 10" 12 to 10" 6 M of CRSP followed by incubating. 
After 2 hours, a DMEM (containing 0.1% of BSA) containing 
125 I-labeled bromodeoxyuridine was added to each well and, after 
5 hours , radioactivity incorporated into the nuclei was measured 
by a gamma-counter whereupon the amount of DNA synthesized as 
a result of cell proliferation was measured. 
The result is shown in Fig. 8. 

Similarly, LLC-PKi cells of 10,000 cells/well were sown 
on a 24-well collagen plate and incubated with a DMEM (containing 
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10% of FCS) for 24 hours. Each well was once washed with a 
DMEM, the medium was substituted with a DMEM (containing 10% 
of FCS) containing CRSP of concentrations of 0 M, 10" 8 M and 
10~ 6 M and incubation was conducted. After 24 hours, the cells 
on the incubation dish were peeled off with a trypsin-EDTA 
solution and cell numbers were counted by a counting plate. 
The result is shown in Fig. 9. 

Example 9 (Action of CRSP on calcitonin receptor) 
Pig calcitonin receptor (CTR) was introduced into a 
mammalian expression vector pcDNA 3.1 and expressed in rhesus 
monkey renal cells (COS-7) and production amount of cAMP by 
CRSP stimulation was measured by radioimmunoassay. 
The result is shown in Fig. 10. 

Similarly, CTR was expressed in opossum renal cells (OK 
cells) and production amount of cAMP by CRSP stimulation was 
measured by radioimmunoassay while incorporation of sodium ion 
was measured by incorporation of radioactive sodium chloride 
( 22 Na) using a gamma-counter. 

The results are shown in Fig. 11 and Fig. 12, respectively. 

Example 10 (Changes in blood pressure and ion 
concentration in plasma of rats by CRSP) 

CRSP corresponding to the amount of 16 nmol/kg dissolved 
in a physiological saline solution was administered at a time 
within short period from a carotid artery of rat under an 
anesthetized condition. 
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The results are shown in Fig. 13 and Fig. 14. 
Example 11 (Extraction and isolation of CRSP-Gly peptide) 
Pig brain (20 kg) was boiled for 10 minutes in water of 
a 4-fold amount, cooled and homogenized by addition of acetic 
acid to as to make its final concentration 1M and the insoluble 
matters were removed by centrif ugation to prepare a pig brain 
extract. This was desalted and concentrated by means of 
ultrafiltration (Pericon Cassette PLAC #000-05, manufactured 
by Millipore) and acetone was gradually added to the extract 
after desalting under cooling with ice so as to make the final 
concentration 66% . The precipitate was removed by centrifugal 
separation, acetone was removed from the supernatant liquid 
using an evaporator and the residue was adsorbed with a reversed 
phase column (LC-SORB SPW-C-ODS; Chemco; 1.5 1). After the 
column was washed with a 3-fold amount of 0 . 5 M acetic acid, 
the peptide fraction was eluted with a 3-fold amount of eluting 
buffer (water : acetonitrile : 10% trif luoroacetic acid = 
40:60:1) . Acetonitrile was removed from the eluate using an 
evaporator followed by subjecting to a f reeze-drying . The 
f reeze-dried specimen was weighed, dissolved in 1 M acetic acid, 
adsorbed with an open column filled with a cation-exchange resin 
(SP-Sephadex, Pharmacia, 3 x 28 cm) and fractionated into a 
fraction (SP-I) which just passed therethrough (SP-I) , a 
fraction (SP-II) eluted with 2 M pyridine (pH8.0) and a fraction 
(SP-III) eluted with 2 M pyr idine-acetic acid (pH5.0) to prepare 
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an SP-III strongly ionic fraction. The fraction was 
freeze-dried, dissolved in 1 M acetic acid and fractionated 
into fractions corresponding to molecular weights by means of 
gel filtration (Sephadex G-50, Pharmacia, 7.5 x 145 cm, 1 M 
acetic acid, flow rate: 100 ml/hour) whereupon the part 
corresponding to molecular weights of from -1 kDa to 5 kDa was 
collected. It was again subjected to gel filtration (Sephadex 
G-25, Pharmacia, 7.5 x 145 cm, 1 M acetic acid, flow rate: 100 
ml/hour) to separate into fractions corresponding to molecular 
weights and the part corresponding to molecular weights of from 
2 kDa to 4 kDa was collected and freeze-dried. 

The freeze-dried specimen was subjected to a 
concentration-gradient elution by ammonium formate of from 10 
mM to 0.5 M using ion-exchange chromatography (CM52, Whatman, 
2.4 x 45 cm; solution A: 10 mM ammonium formate (pH 6.5) : 
acetonitrile = 9:1; solution B: 1 M ammonium formate (pH 6.5) : 
acetonitrile = 9:1; flow rate: 35 ml/hour). 

Then a 1/1, 000 amount of each fraction was freeze-dried, 
LLC-PKi (epithelial cells derived from kidney of pig) was 
stimulated by a medium where the freeze-dried specimen was 
dissolved in a Dulbecco's modified Eagle medium (DMEM, 
containing 0.05% of bovine serum albumin), incubation was 
conducted at 37°C for 1 hour and amount of cAMP secreted to 
the medium was quantified by radioimmunoassay. 

The method therefor is as follows. Thus, an equivalent 
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amount of a mixed solution of dioxane-tr iethylamine (dioxane : 
triethylamine - 4:1) dissolved in succinic acid anhydride so 
as to make 4% was added to 100 |al of a medium containing an 
unknown amount of cAMP and a medium containing a known amount 
of cAMP, the mixture was allowed to stand at room temperature 
for 30 minutes so that cAMP was succinylated and evaporated 
to dryness using a centrifugal evaporator, the residue was 
dissolved in 1 ml of buffer (50 mM of sodium acetate (pH 6.2) , 
1 mM of EDTA, 0.025% of sodium azide, 0.5% of serum albumin- 
and 0.01% of Triton X-100) , each 100 \il thereof was taken out 
to a test tube and a radiolabeled succinylated cAMP and antibody 
were added to each 50 |^1 followed by being allowed to stand 
at 4°C for 48 hours. After that, 100 |J.l of 1% y-globulin and 
500 jal of 25% polyethylene glycol were added thereto, the mixture 
was well mixed and centrifuged and radioactivity of the 
precipitate was measured by a gamma-counter and compared with 
radioactivity of the standard curve prepared by cAMP of the 
known concentration whereupon the amount of cAMP was quantified. 

A rise in the cAMP production caused by CRSP-Gly was 
observed in a fraction eluted by about 0 . 27 M of ammonium formate 

(pH 6.5). A concentration-gradient elution with . ammonium 
formate was further conducted using a cation-exchange HPLC 

(TSK-gel CM-2SW, Tosoh, 7 . 8 x 300 mm; solution A: 10 mM ammonium 
formate (pH 3.8) : acetonitrile = 9 : 1 ; solution B: 1 M ammonium 
formate (pH 3.8) : acetonitrile = 9:1; flow rate: 2 ml/min) . 
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Again, a 1/1,000 amount of each fraction was taken out, its 
activity was measured, the fraction where activity was observed 
(being eluted with about 0.36 M of ammonium formate (pH 3.8) ) 
was further subjected to a concentration-gradient elution by 
acetonitrile using a reversed phase HPLC (Ci8 218TP54, Vydac, 
4.6 x 250 mm; A solution: water : acetonitrile : 10% 
trif luoroacetic acid = 90:10:1; B solution: water : 
acetonitrile : 10% trif luoroacetic acid = 40:60:1; flow rate: 
1 ml/min) and a fraction having activity (about 32% of 
acetonitrile) was collected. This was again separated by a 
reversed phase HPLC (diphenyl 219TP5215, Vydac, 2.1 x 150 mm; 
solution A: water : acetonitrile : 10% trif luoroacetic acid 
= 90 : 10: 1; solutionB: water : acetonitrile : 10% trif luoroacetic 
acid = 40:60:1; flow rate: 0.2 ml/min) whereupon a final pure 
specimen (being eluted with about 29% of acetonitrile) was 
prepared. 

In the actual purifying step, about 50 pmol of peptide 
were prepared. Molecular weight of this peptide was 4,157 Da 
and a theoretical isoelectric point was calculated to be 11.41. 
In addition, it had such a hydrophobic property that it was 
able to be eluted with acetonitrile of about 32% concentration 
in the presence of 0.1% of trif luoroacetic acid in a C18 column 
(4.6 x 250 mm, 218TP54) of Vydac as shown above. 

Example 12 (Action for promotion of cAMP production by 
CRSP-Gly) 
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Pig calcitonin receptor (CTR) was introduced into a 
mammalian expression vector pcDNA 3.1, then expressed in rhesus 
monkey renal cells (COS-7) and production amount of cAMP by 
CRSP or CRSP-Gly stimulation was measured by radioimmunoassay. 

The result is shown in Fig. 15. 

Example 13 (cDNA cloning of canine and bovine CRSP) 
RNA was extracted from canine and bovine thyroid gland 
by a method using acidic guanidine, phenol and chloroform. 
Purification of mRNA was conducted using an 01igotex-dT30 mRNA 
purifying kit of Takara Shuzo. Complementary DNA X phage 
library was prepared from canine and bovine thyroid gland mRNA 
(3 \xg) using a Time Saver cDNA preparation kit of Pharmacia 
and a X ZAPII of Stratagene. With regard to a probe, a pig 
calcitonin receptor-stimulating peptide cDNA having a full 
length of 700 bp was used. A method for the screening was as 
follows. Thus, Escherichia coli was infected to X phage (having 
about 300,000 independent clones), mixed with 0.7% agarose 
containing an LB medium, sown on an incubation dish laid with 
a 1.5% agar medium containing an LB medium and incubated for 
about 8 hours at 37°C. After it was cooled in a refrigerator 
for about 2 hours, the plaque formed thereby was transferred 
to a Nylon filter, made into alkaline (by treating for 2 minutes 
with a 0 . 5 M sodium hydroxide and 1.5M sodium chloride solution; 
for 2 minutes with a 0.5 M Tris-hydrochloride (pH 7.5) and 1.5 
M sodium chloride solution; and for 5 minutes with a 45 mM sodium 
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citrate (pH 7.0) and 450 mM sodium chloride solution) and then 
the filter was treated at 80°C for 2 hours. After that, the 
filter was dipped at 37°C for 2 hours in a pre-hybridizat ion 
solution (20% of formamide, 0 . 09 M of sodium citrate (pH 7.0), 
0.9 M of sodium chloride, 0.5% of bovine serum albumin, 0.5% 
of Ficoll, 0.5% of polyvinylpyrrolidone and 0.5% of sodium 
laurylsulfate) , a probe labeled with 32 P was added thereto and 
the mixture was subjected to hybridization at 42°c for 16 hours . 
After the filter was washed with washing solutions (with a 
solution of 30 mM of sodium citrate (pH 7.0), 300 mM of sodium 
chloride and 0.1% of sodium laurylsulfate at room temperature 
for 5 minutes for two times and with a solution of 15 mM of 
sodium citrate (pH 7.0), 150 mM of sodium chloride and 0.1% 
of sodium laurylsulfate at 60°C for 1 hour for two times) , it 
was exposed to X-ray film, the area sensitized with radioactive 
ray was compared with the plaque on the culture dish and positive 
clone was isolated from the plaque. The isolated positive X 
phage clone was converted to a plasmid pBluescript which is 
a vector suitable for a DNA sequencing using Helper Phage R4 08 
of Stratagene and a nucleotide sequence was determined by a 
Sanger method. 

A nucleotide sequence of cDNA coding for the determined 
bovine CRSP is shown in SEQ ID NO: 7 of the Sequence Listing 
which will be given later and an amino acid sequence of a precursor 
peptide of the coded bovine CRSP is shown in SEQ ID NO: 8. An 
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amino acid sequence of bovine CRSP is shown in SEQ ID NO: 6. 

A nucleotide sequence of cDNA coding for the determined 
canine CRSP is shown in SEQ ID NO: 10 of the Sequence Listing 
which will be given later and an amino acid sequence of a precursor 
peptide of the coded canine CRSP is shown in SEQ ID NO: 11. 
An amino acid sequence of canine CRSP is shown in SEQ ID NO: 
9. 

Example 14 (Quantification of production amount of cAMP 
by stimulation with bovine CRSP or canine CRSP) 

LLC-PKi cells were incubated in a culture medium (a 
Dulbecco-modif ied Eagle medium (DMEM) containing 10% of fetal 
bovine serum). After two days, the cells were washed twice 
with a DMEM containing 0 . 05% of bovine serum albumin, the medium 
in the incubation dish was substituted with a DMEM containing 
0 . 5 mM of 3-isobutyl-l-methylxanthine and 0.05% of bovine serum 
albumin ( DMEM/BSA/IBMX) and incubation was conducted at 37°C 
for 30 minutes. After the incubation, the medium was 
substituted with a DMEM/BSA/IBMX in which CRSP was dissolved 
so as to make it 0 M and 10~ 12 to 10~ 6 M and incubation was conducted 
at 37°C for 10 minutes. After the incubation, the medium in 
the incubating dish was removed, ethanol was added thereto and 
the incubating dish was once frozen in a freezer for the cell 
lysis. Then ethanol was transferred to a test tube and the 
specimen was evaporated to dryness using a centrifugal 
evaporator. The dried specimen was dissolved in a DMEM, each 
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100 jal thereof was taken out, the same amount of 
dioxane-triethylamine mixture (dioxane ; triethylamine = 4 : 1 ) 
in which succinic acid anhydride was dissolved so as to make 
it 4% was added thereto and the mixture was allowed to stand 
at room temperature for 30 minutes so that cAMP was succinylated . 
It was againevaporatedtodryness using a centrifugal evaporator, 
dissolved in 1 ml of buffer (50 mM of sodium acetate (pH 6.2) , 
1 mM of EDTA, 0.025% of sodium azide, 0.5% of serum albumin 
and 0.01% of Triton X-100) , each 100 |ul thereof was taken out 
into a test tube, 50 Jul of a radiolabeled succinylated cAMP 
and 50 ^1 of antibody were added and the mixture was allowed 
to stand at 4°C for 48 hours. After that, 100 p,l of 1% y-globulin 
and 500 |al of 25% polyethylene glycol were added, the mixture 
was well mixed and centrifuged and radioactivity of the 
precipitate was measured using a gamma-counter and compared 
with radioactivity of the standard curve prepared by cAMP of 
known concentrations whereupon the amount of cAMP was 
quantified. 

The result is shown in Fig. 16. 

Example 15 (Cloning of CRSP-2 and CRSP-3/CT-2 precursor 

genes ) 

Pig genomic library was purchased from Clontech. With 
regard to a probe, a precursor cDNA having a full length of 
700 bp of a pig calcitonin receptor-stimulating peptide was 
used. Method for screening was that Escherichia coli was 
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infected to X phage (it has about 1, 000, 000 independent clones 
and about 300,000 thereof were used) into which pig genome was 
inserted, mixed with 0.7% agarose containing an LB medium, sown 
on an incubation dish where 1.5 % agar medium containing an 
LB medium was spread and incubated at 37°C for about 8 hours. 
After cooling in a refrigerator for about 2 hours, the resulting 
plaque was transferred to a Nylon filter and subjected to an 
alkaline modification (being treated with a 0 . 5 M of sodium 
hydroxide and 1.5 M of sodium chloride solution for 2 minutes, 
witha0.5MTris-hydrochloride (pH7.5) and 1 . 5 M sodium chloride 
solution for 2 minutes and with a 45 mM of sodium citrate (pH 
7.0) and 450 mM of sodium chloride solution for 5 minutes) and 
the filter was treated at 80°C for 2 hours. Then, the filter 
was dipped in a pre-hybridization solution (20% of formamide, 
0.09 M of sodium citrate (pH 7.0), 0 . 9 M of sodium chloride, 
0.5% of bovine fetal albumin, 0.5% of Ficoll, 0.5% of 
polyvinylpyrrolidone and 0.5% of sodium laurylsulf ate) at 37°C 
for 2 hour, a probe labeled with 32 P was added thereto and 
hybridization was conducted at 42°C for 16 hours. After the 
filter was washed with washing solutions (with a 30 mM of sodium 
citrate (pH 7.0) , 300 mM of sodium chloride and 0.1% of sodium 
laurylsulf ate solution at room temperature for 5 minutes for 
two times and with a 7 . 5 mM of sodium citrate (pH 7.0), 75 mM 
of sodium chloride and 0.1% of sodium laurylsulf ate solution 
at 55°C for 1 hour for two times) , it was exposed to an X-ray 
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film, the area which was sensitized with radioactive ray was 
compared with the plaque on the incubation dish and a positive 
clone was isolated from the plaque. The isolated positive X 
phage clone was cleaved using various restriction enzymes, 
analysis was conducted by Southern blotting method to prepare 
a restriction enzyme map and DNA containing the positive clone 
was sub-cloned to pBluescript using an appropriate restriction 
enzyme . A nucleotide sequence was determined by a Sanger method . 
As a result of a screening, 25 positive clones were able to 
be prepared. As a result of analysis using restriction enzyme 
and determination of a nucleotide sequence, it was found that 
ten clones coded for gene of CRSP (Fig. 17) . It was also found 
that 9 of the remaining 15 clones coded for other gene (Fig. 
18 and Fig. 19) and six thereof coded for still other gene. 
The nine clones had sequences having a homology to CRSP. The 
genes were named CRSP-2 . Other six clones had sequences having 
a homology to CRSP and CT. Those genes were named CRSP-3 and 
CT-2. In Fig. 17 to Fig. 19, the underlined parts show exons . 

A nucleotide sequence of CRSP gene is shown in SEQ ID 
NO: 5 of the Sequence Listing which will be shown later. A 
CRSP-2 gene is shown in SEQ ID NO: 15 of the Sequence Listing. 
A nucleotide sequence of DNA fragment containing CRSP-3 gene 
and CT-2 gene is shown in SEQ ID NO: 23 of the Sequence Listing. 

cDNA sequences which were presumed using the gene 
sequences of CRSP and CT/CGRP as references are shown in Fig. 
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20 to Fig. 22 (Fig. 20: CRSP-2; Fig. 21: CRSP-3; and Fig. 22: 
CT-2) . In Fig. 20 to Fig. 22, the parts enclosed with solid 
lines are mature peptides, the gray parts are glycine which 
is presumed to be converted to amide and the oblique parts are 
signal peptides and, in Fig. 22, glutamine at the N-terminal 
side of the mature substance is presumed to be converted to 
pyroglutamic acid. Comparison of each CRSP with CGRP, AM, CT-2 
and CT amino acids is Fig. 23. 

A nucleotide sequence of cDNA of CRSP-2 is, shown in SEQ 
ID NO: 13 of the Sequence Listing which will be given later, 
that of cDNA of CRSP-3 is shown in SEQ ID NO: 17 and that of 
cDNA of CT-2 is shown in SEQ ID NO: 21. 

Mature amino acid sequences of CRSP-2, CRSP-3 and CT-2 
are presumed to be as follows. 

CRSP-2 : Ser-Cys-Asn-Thr-Ala-Ser-Cys-Val-Thr-His 10 



Lys-Met-Thr-Gly-Trp-Leu-Ser-Arg-Ser-Gly 



20 



Ser-Val-Ala-Lys-Asn-Asn-Phe-Met-Pro-Thr 



30 



Asn-Val-Asp-Ser-Lys-Ile-Leu-NH 2 



37 



CRSP-3: 



Ser-Cys-Asn-Thr-Ala-Ile-Cys-Val-Thr-His 



10 



Lys-Met-Ala-Gly-Tro-Leu-Ser-Arg-Ser-Gly 



20 



Ser-Val-Val-Lys-Asn-Asn-Phe-Met-Pro-Ile 



30 



Asn-Met-Gly-Ser-Lys-Val-Leu-NH 2 



37 



CT-2 : 



pGlu-Cys-Asn-Asn-Leu-Ser-Thr-Cys-Val-Leu 



10 



Gly-Thr-Tyr-Thr-Trp-Asp-Val-Asn-Lys-Phe 2 0 



Tyr-Ala-Phe-Pro-Leu-Thr-Thr-Thr-Gly-Ile 30 



Arg-Val-Ser-NH 2 ^ 
An amino acid sequence of CRSP-2 set forth in SEQ ID NO: 
12 of the Sequence Listing, that of CRSP-3 is shown in SEQ ID 
NO: 16 and that of CT-2 is shown in SEQ ID NO: 19. 

Example 16 (cDNA cloning of a precursor of CRSP-2) 
With regard to a cDNA library, there was used a X phage 
library into which pig hypothalamus DNA was inserted being 
prepared in conducting a cDNA cloning of CRSP. With regard 
to a probe, a pig calcitonin receptor-stimulating peptide having 
a full length of 700 bp was used. Method for screening was 
that Escherichia coli was infected to X phage into which pig 
hypothalamus DNA was inserted, mixed with 0.7% agarose 
containing an LB medium, sown on an incubation dish where 1.5 % 
agar medium containing an LB medium was spread and incubated 
at 37°C for about 8 hours. After cooling in a refrigerator for 
about 2 hours, the resulting plaque was transferred to a Nylon 
filter and subjected to an alkaline denaturation (being treated 
with a 0.5 M of sodium hydroxide and 1 . 5 M of sodium chloride 
solution for 2 minutes, with a 0.5 M Tris-hydrochloride (pH 
7.5) and 1.5 M sodium chloride solution for 2 minutes and with 
a 45 mM of sodium citrate (pH 7 . 0) and 450 mM of sodium chloride 
solution for 5 minutes) and the filter was treated at 80°C for 
2 hours. Then, the filter was dipped in a pre-hybr idization 
solution (20% of formamide, 0 . 09 M of sodium citrate (pH 7.0), 
0.9 M of sodium chloride, 0.5% of bovine fetal albumin, 0.5% 
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of Ficoll, 0.5% of polyvinylpyrrolidone and 0.5% of sodium 
laurylsulfate) at 37°C for 2 hour, a probe labeled with 32 P was 
added thereto and hybridization was conducted at 42°C for 16 
hours . After the filter was washed with washing solutions (with 
a 30 mM of sodium citrate (pH 7.0) , 300 mM of sodium chloride 
and 0.1% of sodium laurylsulfate solution at room temperature 
for 5 minutes for two times and with a 15 mM of sodium citrate 
(pH 7.0), 150 mM of sodium chloride and 0.1% of sodium 
laurylsulfate solution at 60°C for 1 hour for two times), it 
was exposed to an X-ray film, the area which was sensitized 
with radioactive ray was compared with the plaque on the 
incubation dish and a positive clone was isolated from the plaque . 
The isolated positive X phase clone was converted to a plasmid 
pBluescript which is a vector suitable for DNA sequence using 
a Helper Phage R408 of Stratagene and a nucleotide sequence 
was determined by a Sanger method. As a result thereof, 13 
positive clones were able to be prepared. All of six among 
the above were clones containing almost the full length of the 
CRSP precursor cDNA while all of other six were clones containing 
almost the full length of the CRSP-2 precursor cDNA (Fig. 20) . 
A remaining one was a short clone coding for a 3 ' -untranslated 
region of CRSP-3 . 

Example. 17 (Cloning of CRSP-3 and CT-2 cDNA) 
A PCR where pig hypothalamus cDNA (corresponding to 2 0 
ngofmRNA) was a template was carried out using primers (CRSP-3: 
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GCCCAGCTTACGTCTCCTTT and TCAGGTAACTGCAATGATTT ; CT-2 : 
AGCAGCTTTGATTCTGCCAC and ACCTCCTCTCTGATATTCCA) and Pyrobest 
DNA polymerase of Takara Shuzo for 30 cycles each comprising 
at 94°C for 15 seconds, at 55°C for 15 seconds and at 72°C for 
1 minute. The amplified DNA was subjected to an agarose gel 
electrophoresis, bands stained with ethidium bromide were 
recovered from agarose gel and subcloned into pBluescript II 
of Stratagene and a nucleotide sequence was determined by a 
Sanger method. 

Analysis of a nucleotide sequence of the amplified DNA 
was conducted using a primer of CRSP-3 and, as a result, it 
was found to code for CRSP-3 (Fig. 5) . On the other hand, in 
the PCR using a primer of CT-2, no amplification of DNA was 
observed . 

Example 18 (High-sensitivity quantification of expressed 
amount of gene of CRSP, CRSP-2, CRSP-3, CT-2, CT, CGRP and GAPDH 
by RT-PCR) 

A template cDNA was prepared using total RNA (4 jag) of 
each tissue of pig, oligo dT primer and a Revertra Ace reverse 
transcriptase kit of Toyobo and 1/4 0 thereof was used for RT-PCR . 
The PCR for amplification of each genetic cDNA was conducted 
using rTaq polymerase of Toyobo in 30 cycles each comprising 
at 94°C for 15 seconds, at 60°C for 15 seconds and at 72°C for 
1 minute and, with regard to the primer, the following sequences 
were used. 



62 



CRSP: CTCTCTGAGGAGGAATCACG and GAGTTCAGAGTCATAGTAACC 
CRSP-2: C T C AC AG AG G AG G AAG T C T C and TAGAGTTCAGTTCCTTGGTG 
CRSP-3: AGCAGCTTTGATTCTGCCAC and TGCAGTGAAAGCAACTTGAG 
CT-2: AGCAGCTTTGATTCTGCCAC and ACCTCCTCTCTGATATTCCA 
CT : GCCACTCAGTGAGAAGGAAG and T GAG G CAT GAG G GAT G AAG C 
CGRP: GCCACTCAGTGAGAAGGAAG and TCACCTTACATGTGTCCCCA 
GAPDH: TCACTGCCACCCAGAAGACT and AGTGGTCGTTGAGGGCAATG 
The amplified DNA was subjected to electrophoresis using 
3% agarose gel and analyzed using Fuji Film FLA 2000. As a 
result, expression was observed in the central nervous system, 
thyroid gland and ovary for CRSP-2 and CRSP-3. On the other 
hand, no band was amplified in any tissue and no expression 
was observed for CT-2' (Fig. 24) . It is believed that CT-2 was 
expressed limitedly in the areas other than the tissues shown 
in Fig. 24. 

Industrial Applicability 

The present invention provides novel and useful peptides 
which are expressed in central nerves and strongly act on 
calcitonin receptor. The peptides of the present invention 
have a high homology to calcitonin gene-related peptides and 
have stronger action than calcitonin . They are also abundantly 
expressed in central nervous system and are very useful peptides 
as novel calcitonin-like peptides for osteoporosis and as 
analgesic agent, etc. 
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